Abstract The concentration profile, distribution and risk assessment of pharmaceutically active compounds (PhACs) in the coastal surface water from the Klang River estuary were measured. Surface coastal water samples were extracted using offline solid phase, applying polymeric C18 cartridges as extraction sorbent and measuring with liquid chromatography mass spectrometry-mass spectrometry (LC MS-MS) technique. Extraction method was optimized for its recovery, sensitivity and linearity. Excellent recoveries were obtained from the optimized method with percentage of recoveries ranging from 73 to 126%. The optimized analytical method achieved good sensitivity with limit of detection ranging from 0.05 to 0.15 ng L -1 , while linearity of targeted compounds in the LC MS-MS system was more than 0.990. The results showed that amoxicillin has the highest concentration (102.31 ng L -1 ) followed by diclofenac (10.80 ng L -1 ) and primidone (7.74 ng L -1 ). The percentage of contribution (% of total concentration) for the targeted PhACs is in the following order; amoxicillin (92.
Introduction
Coastal and estuarine ecosystems are affected by various types of contamination due to rapid urbanization and industrialization within their drainage basin. The growth and expansion in development in the coastal and estuarine area also contribute to their increasing pollution load. Chemical contaminants from organic and/or inorganic pollutants have been detected in coastal and estuarine surface waters at trace levels (Petrovic et al. 2002; Ribeiro et al. 2009; Jonkers et al. 2010; Looi et al. 2013; Yin et al. 2015) . Among the emerging contaminants of increasing concern are chemical compounds that have the potential to disrupt the endocrine system of humans and animals. These type of chemicals are known as endocrine disrupting compounds (EDCs), and they consist of various classes of organic micro-pollutants such as estrogenic hormones, dioxins, polyaromatic hydrocarbons, polychlorinated compounds, pharmaceuticals and personal care products (PPCPs), and pesticides.
Pharmaceutically active compounds enter the environment and natural ecosystems through various point sources such as human waste and sewerage discharge or seepage into water bodies, effluent from wastewater treatment plants as well as veterinary drugs used in aquaculture activities or that conveyed through the application of manure and slurry from livestock (Boxall et al. 2003) . The ubiquitous presence of PhACs in the environment and especially in aquatic domain has raised concern. Several PhACs such as steroid hormones and synthetic estrogen have been linked to numerous types of adverse health consequences such as prostate and breast cancer, alteration in male and female reproductive system and changes in neuroendocrinology, behavior and metabolism. Previous studies also reported on the potency of bioaccumulation and biomagnification of PhACs in the aquatic organisms which can lead to various human and environmental risk (Zenker et al. 2014; Puckowski et al. 2016 ). In addition, several pharmaceutical compounds have been reported to cause feminization of male fish and the possible extinction of fish species in the ecosystem (Sumpter and Jobling 1995; Harris et al. 2011; Niemuth and Klaper 2015) .
Due to the adverse effects of PhACs on human and natural ecosystems, increasing efforts have been and continue to be put into the research and monitoring for pharmaceuticals in the environment. A recent review by Omar et al. (2016) revealed the ubiquity of PhACs in various environmental matrices such as river water, sea water, effluent from sewage treatment plants (STPs) river and estuarine sediment as well as in biota samples (e.g., clams, fish and crustacea). Several classes of pharmaceutical substances such as nonsteroidal anti-inflammatory drugs (NSAIDs) and antibiotic drugs were identified as commonly detected organic micro-pollution in the aquatic environment. The contamination of pharmaceutical substances particularly in aquatic environments and habitats poses a serious threat to ecosystems because aquatic organisms are captive to continual life cycle and multigenerational exposures (Daughton and Ternes 1999) . Continuous infusion of pharmaceutical compounds in aquatic environments has necessitated comprehensive risk analysis either for public health purposes or to assess environmental risk. Both human and environmental risk assessments are important tools for monitoring the release of pharmaceutical substances into the environment and their effect on ecosystems and habitats, which allows relevant authorities, as well as the public, to make informed decisions concerning the regulation, use and disposal of PhACs into the environment.
Previous assessments of chemical contamination in the surface water of Malaysian coastal and estuarine ecosystem were carried out mostly for metal pollutants (Shazili et al. 2006; Looi et al. 2013; Sany et al. 2013; Adiana et al. 2014 ). To date, there is scarce information on the database profile and level of emerging organic contamination in the Malaysian coastal and estuarine ecosystem particularly for pharmaceutically active chemicals. Previous reports on the monitoring of organic contaminants were only focused on the surface river water as described by Tan (1995) , Osman et al. (2012) , Santhi and Mustafa (2013) and Wee et al. (2016) . Considering the importance of estuarine ecosystem to the public and aquatic life, an assessment of chemical pollution in the Klang River estuary was imperative to establish a baseline database on the magnitude and profile of organic chemical contamination in this estuary. Therefore, the present study is carried out (1) to assess the level of selected PhACs contamination in the surface water of Klang River estuary; (2) to evaluate the distribution pattern of PhACs along Klang River estuary and (3) to calculate the risk assessment associated with the presence of PhACs in the coastal water of Klang River estuary. Seven pharmaceutical compounds from different therapeutic classes consisting of dexamethasone, primidone, sulfamethoxazole, diclofenac, amoxicillin, testosterone and progesterone were evaluated. This study will be the first to provide a baseline level and risk assessment analysis of pharmaceutically active compounds in the Klang River estuary and will help update the current contamination profile for this ecosystem. Table 1 , and map of sampling points at Klang River estuary is shown in Fig. 1 . There was no precipitation event for 2 days before the sample collection. Physicochemical parameters of water samples such as pH, temperature-temp, electrical conductivity-EC, salinity-sal, dissolved oxygen-DO and turbidity were determined on site using Thermo Scientific Orion 3 Star portable pH meter (Thermo Fisher Scientific, MA, USA), Thermo Scientific Orion 3 Star portable conductivity meter (Thermo Fisher Scientific, MA, USA), YSI 52-Dissolved oxygen meter (YSI Inc. Yellow Springs, OH, USA) and Hach 2100P portable turbidimeter (HACH Lange GmbH, Dusseldorf, Germany), respectively, while total organic carbon (TOC) was analyzed in the laboratory using TOC analyzer (TOC-VCSH, Shimadzu, Japan).
Materials and methods

Chemicals
The collected surface coastal water samples were transferred into pre-cleaned methanol-rinsed ambient glass bottles (1000 mL) and kept in cool boxes at 4°C. Upon arriving at the laboratory, the samples were immediately filtered through a glass microfiber filter (diameter 47 mm, particle retention 0.2 lm, Whatman, Buckinghamshire, UK). Samples were preserved by adjusting the pH of filtrates to pH 2 using 1 M hydrochloric acid (HCl) and refrigerating at 4°C until further analysis.
Sample extraction and clean-up
The isotope-labeled surrogate standards (100 ng L -1 ) were spiked into 200 mL water samples and equilibrated at 4°C for 14 h in the dark. About 200 mg of tetrasodium ethylenediaminetetraacetate dehydrate (Na 2 -EDTA, 200 mg) was added to the samples 2 h before extraction. Solid-phase extraction protocols for sample extraction and clean-up were adapted and optimized based on Bayen et al. (2013) , employing polymeric reversed phase C18 cartridges. Briefly, 5 mL of methanol was used to precondition the cartridges followed by ultrapure water (5 mL) and pH 2 ultrapure water (5 mL). After completion of sample loading, the cartridges were rinsed with ultrapure water then dried under vacuum for 5 min. Elution of targeted analytes was accomplished using combination of 10 mL methanol followed by 5 mL MeOH/acetone (50:50). The extracts were concentrated using rotary evaporator and further concentrated with gentle stream of nitrogen (N 2 ) blow until near dryness. The extract was then reconstituted with ultrapure water/ACN (70:30) to 1 mL and filtered through 0.2 lm PTFE membrane filter (Agilent Technologies, USA) before undergoing LC MS-MS analysis. Flow process for determination of targeted pharmaceutical compounds in the surface coastal water samples is depicted in Fig. 2 .
Instrumental analysis
Instrumental analysis was accomplished using Spark Holland liquid chromatography (LC) system equipped with 3200 Q-trap triple quadrupole mass spectrometry (AB Sciex, MA, USA). Declustering potential (DP), exit potential (EP), entrance potential (EP) and collision energy (DP) were optimized for each of targeted compounds. Reversed phase C18 analytical column (Gemini NX, 50 mm 9 2.0 mm, 3 lm, Phenomenex, CA, USA) was used for separation of compounds in the HPLC system. All the pharmaceutical compounds were analyzed in positive ionization mode except diclofenac, which was run on negative ionization mode. Ultrapure water was used for mobile phase A (aqueous phase), while a mixture of ACN/ MeOH (60:40) was used as mobile phase B (organic phase). For positive ionization mode, formic acid (0.2%, v/v) was added into mobile phase composition, while ammonium hydroxide (0.2%, v/v) was added into mobile phase composition for negative ionization mode. Gradient elution was applied for compounds separation in both ionization modes with mobile phase B being increased from 5% (initial concentration) to 95% in 4 min and held constant for 2 min, then decreased to the initial concentration where it was equilibrated for 2 min, for a total run time of 8 min before proceeding for the next run. The oven column temperature was fixed at 40°C with the flow rate for mobile phase held at 0.30 mL min -1 . The injection volume for blank, standards and samples was set at 20.0 lL. Mass spectrometry analyzer was operated using following condition: curtain gas, 20 psi; CAD gas 1, 40 psi; CAD gas 2, 40 psi; temperature, 600°C (positive) and 550°C (negative); ion spray voltage, 4500 V (positive) and 5500 V (negative).
Quality assurance (QA)/quality control (QC)
To ensure the reliability of analytical data, quality assurance and QC were established for the whole experimental procedure. Laboratory apparatus and glassware were thoroughly washed with laboratory detergent (Decon 90), successively washed with deionized water followed by rinsing with organic solvent. The apparatus and glassware were then dried in the oven at temperature of 90°C. Chemicals and solvents for sample preparation were HPLC grade, and authentic standard for targeted compounds was of high purity ([ 97% purity). Procedural blank and QC spike were analyzed for every sample batch. Isotopically labeled standards were used as surrogate standards to compensate for analyte losses during clean-up and for quantification of analytes in the water samples as described by Van de Steene and Lambert (2008) and Wu et al. (2010) . Three isotope-labeled standards progesterone (D9, 98%), primidone (D5, 98%) and testosterone (D5, 98%) were used in this study. Analyses were carried out in duplicates, and the mean concentration was calculated as final analytical result.
Method validation
Efficiency of extraction and clean-up was assessed by evaluating the percentage of extraction recoveries for Fig. 1 Map shows a peninsular Malaysia and b sampling points at Klang River estuary each of targeted pharmaceutical compounds. Extraction recovery for analytical method in this study was evaluated using artificial seawater, which was prepared by dissolving Instant Ocean Ò Sea Salt in ultrapure water with salinity adjusted to 26 part per trillion. This artificial seawater was used to spike the pharmaceutical compounds for recovery analysis as well as for QC spike during samples analysis. Mix standard solutions of 100 ng L -1 containing targeted analytes were spiked into the artificial seawater, and the resulting samples were analyzed according to the analytical protocol described in section ''Sample extraction and clean-up.'' Results of the recovery study showed that the extraction recoveries for most of the compounds were in the range 70-130%, which is within the QC acceptance criteria as stipulated in USEPA (2007). Method detection limit for all targeted compounds, calculated from ratio of signal to noise (3:1), ranged from 0.05 to 0.15 ng L -1 . Meanwhile, linearity of targeted compounds, evaluated from a series of standard solutions (0.1-200 ng mL -1 ) injected into LC MS-MS system, ranged from 0.990 to 0.999.
Results and discussion
Descriptive statistics for parameters analyzed from surface coastal water from Klang River estuary is depicted in Table 2 . Most of the water parameters measured in this study showed high variation of coefficient of variation (CV [ 30%) between sampling locations with the exception for pH, temperature, conductivity, salinity and dissolved oxygen. This explained that most of the PhACs contamination in the surface water of Klang River estuary was spatially distributed between sampling points assessed. The water quality parameters determined in this study were compared with guidelines and regulation of the Malaysian Marine Water Quality Criteria and Standards (MWQCS) and the Canadian Environmental Quality Guidelines (CEQGs). Dissolved oxygen was observed to be slightly higher than the MWQCS' recommended value, but still within the maximum value set by CEQGs. As for the PhACs, there are no recommended values at the moment from both bodies.
Prevalent concentration of PhACs was observed in the surface coastal water of Klang River estuary. All the seven pharmaceutical compounds monitored for were present with amoxicillin having the highest concentration at all twelve sampling locations assessed (Fig. 3) , with concentrations ranging from 40.42 to 102.31 ng L -1 (Fig. 4) . The highest concentration of amoxicillin was detected at sampling point S5, which receives input mainly from industrial zone nearby and also from Klang River discharge. The high level of detection at this sampling site suggested domestic discharge as well as human activities within this sampling area might influence the level of this pharmaceutical compound in the surface water of 
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Klang River estuary. Amoxicillin is an amino penicillin widely used for human and veterinary medicines, and it is also one of the commonly prescribed antibiotics for Swiss (Achermann et al. 2010) , Malaysian (Shamsuddin et al. 2016) and Turkish (Mollahaliloglu et al. 2013 ) population. A study by Shamsuddin et al. (2016) revealed that amoxicillin, commonly prescribed for respiratory tract infection contributed about 35.2% of antibiotics usage in the government healthcare facilities in Klang district, Selangor. This percentage is the highest among other antibiotics which also include cloxacillin (26.3%), erythromycin (22.3%), ampicillin (7.2%) and cephalexin (6.9%). In addition to being used for human medication, Boxall et al. (2003) report that amoxicillin is among the veterinary drugs with the highest potential of entering the aquatic ecosystems. Owing to its wide and increasing application as a human and veterinary drug, amoxicillin contamination has been reported in aquatic ecosystem from various parts of the world; in effluents of STPs in Italy (Andreozzi et al. 2004 ) and Republic of Korea (Lee et al. 2008) ; from hospital effluents in Switzerland (Escher et al. 2011) and in sewage effluents and seawater of Victoria Harbour, Hong Kong (Minh et al. 2009 ). Therefore, amoxicillin has become a major threat to ecosystems and the ubiquitous presence of this pharmaceutical residue warrants continuous monitoring particularly in the aquatic environment. Besides the high levels of amoxicillin in the surface water samples analyzed, other compounds that were of concern were diclofenac and primidone; these were also detected at all sampling sites with concentrations ranging from 0.47 to 10.80 ng L -1 for diclofenac, and 0.09 to 7.74 ng L -1 for primidone. Diclofenac is a nonsteroidal anti-inflammatory drugs (NSAIDs) widely used for treatment of mild and moderate pain as well as for reducing inflammation, and is one of the pharmaceutical compounds commonly found in the effluents of WWTPs and STPs (Pereira et al. 2015) . On the other hand, primidone is an anticonvulsant used to treat and prevent seizures and is ubiquitously present in the effluents of WWTPs, surface water and groundwater (Hass et al. 2012) . Overall, the percentage of contribution (% of total concentration) for the targeted PhACs in the water samples analyzed were in the following order: amoxicillin (92.90%)
In the deterministic approach, the RQ method was used to calculate the environmental risk from the presence of PhACs in the surface water of Klang River estuary. The RQ method has been used by numerous researchers for environmental and ecological risk characterization in the aquatic ecosystem as reported by Lee et al. (2008) , Stasinakis et al. (2012) , Pereira et al. (2015) and Thomaidi et al. (2016) . Hernando et al. (2006) classified the risk of pharmaceuticals in the aquatic environment as insignificant risk (\ 0.01), low risk (0.01-0.1), moderate risk (0.1-1.0) and high risk ([ 1). Derivation of RQ was based on the ratio of measured environmental concentration (MEC) versus predicted no-effect concentration (PNEC) (Eq. 1), where MEC for this study is the maximum concentration of pharmaceutical compounds found in the coastal water samples analyzed.
The PNEC values were obtained from Eq. (2), based on acute toxicity endpoint estimated from Ecological Structure Activity Relationship (ECO-SAR) (US EPA 2011) database and assessment factor of 1000 as recommended by European Union (2003) for acute toxicity data for three standard test species, green algae, daphnids and fish.
PNEC ¼ EC50 or LC50 1000 ð2Þ
As discussed earlier, amoxicillin, diclofenac and primidone were three of PhACs that showed higher concentration in the coastal water samples analyzed, as compared to other pharmaceutical compounds. However, estimated risk assessment for these compounds gave the RQ value less than 0.01, suggesting insignificant risk of these compounds toward aquatic ecosystem during the current field assessment. Figure 5 depicts the pattern of risk quotient for PhACs in the surface coastal water of Klang River estuary. Based on Fig. 5 , progesterone exhibited the highest RQ for all the three standard test species evaluated. All calculated RQs for the studied PhACs were below 0.01, indicating no potential risk from the presence of PhACs in the coastal water of Klang River estuary.
Comparison of RQ for different water matrices from different geographical origins showed a variation (Table 3) . Effluent from hospital, STPs and wastewater treatment plants (WWTPs) posed a higher risk to the aquatic environment. Lee et al. (2008) reported high RQ value for amoxicillin in STPs effluent from Republic of Korea, while higher RQs were also observed for progesterone and diclofenac in effluents of STPs from a hospital in South Africa and Switzerland, respectively (Escher et al. 2011; Manickum and John 2014) . The RQ value for PhACs in the coastal water was relatively low as reported (BielMaeso et al. 2018 ) and the present assessment in the Klang River estuary ( Table 3 ), suggesting that various factors such as dilution as well as freshwater-saltwater mixing may affect the concentration of PhACs when it reached the coastal ecosystem. The synergistic effects of pharmaceuticals as a mixture in the aquatic ecosystem have been studied by a number of researchers. Pharmaceuticals residue presence in the aquatic environment usually occurs as a mixtures, not as single contaminant (Cleuvers 2003 (Cleuvers , 2004 Escher et al. 2011) , and therefore, estimation of risk assessment for PhACs in the aquatic environment should also consider the mixture effects. Risk quotients for a mixture (RQmix) can be summed up using Eq. (3), with condition that the component mixture must exhibit the same mode of toxic action. The baseline acute toxicity for all compounds in this study was estimated based on ECOSAR model, which fulfilled the condition for concentration addition model.
The calculated RQmix for pharmaceutical compounds evaluated in this study is shown in Table 3 . The value for RQmix was 2.38 9 10 -2 which can be classified as low risk to aquatic organisms based on Hernando et al. (2006) .
Conclusion
This preliminary study has provided information on the baseline level of emerging organic contaminants focusing on PhACs in the surface water of Klang River estuary. Seven PhACs were evaluated with amoxicillin showing the highest concentration in the surface coastal water samples analyzed followed by diclofenac and primidone. However, the environmental risk assessment, calculated based on deterministic approach (RQ method), revealed no risk potential from the presence of PhACs in the surface coastal water. Although this assessment revealed negligible risk, the results from the present evaluation can be used for to monitor changes in the future and for comparative emerging organic pollution profile in tropical aquatic ecosystems. The updated emerging organic pollution profile will also aid relevant authorities in reviewing their guidelines and standards and inform policy makers in managing and monitoring of the release and buildup of potentially harmful compounds into estuarine and coastal waters. Future monitoring works should include other environmental matrices such as sediment, suspended particulate matter and biota for comprehensive assessment of the pathways and fate of the emerging pollution in the tropical estuarine and coastal ecosystems.
